outpatient antibiotic prescription claims and described prescription patterns of subjects who were followed from birth to 6 years of age. Logistic regression analyses were performed to estimate odd ratios (ORs) and their 95% confidence intervals (CIs) for factors associated with inappropriate antibiotic prescriptions.
Introduction
The overuse or misuse of antibiotics is one of the main factors for the development of antimicrobial resistance. As such, a better understanding of antibiotic use can lead to efforts for reduction of inappropriate prescribing. 1 According to European Surveillance of Antimicrobial Consumption, a significant increase in total outpatient antibiotic use was observed in the period up to 2010, with slower rates of increase or even a plateau thereafter. 2, 3 Although the US national trend in inpatient antibiotic use for 2010 has not changed significantly, the overall rate of antibiotic prescribing in ambulatory settings appears to be in decline. 4 Some of this decline is attributable to reductions in prescribing for respiratory conditions of viral origin. 5 On the other hand, the use of newer broadspectrum antibiotics such as macrolides is growing, and consequently increasing pathogen resistance to such antibiotics is also emerging. 6, 7 Upper respiratory infections (URIs) are common infections encountered by pediatricians, and antibiotics are typically prescribed for these. 8 However, the etiology and symptoms of the common cold are viral in nature so antibiotic treatment is ineffective. An old meta-analysis suggested that antibiotic treatment of children with URI does not shorten the course of URI and does not prevent the development of pneumonia. 9 More recently, a Cochrane systematic review corroborated this analysis demonstrating that antibiotics do not alter the course of the common cold and Satomi Yoshida, Assistant Professor Masato Takeuchi, Associate Professor Koji Kawakami, Professor do not prevent secondary complications. 10 These studies concluded that antibiotics should be used only for clearly diagnosed secondary bacterial infections, including bacterial otitis media, sinusitis and pneumonia.
Antibiotic-resistant pathogens are a global public health problem, and there is growing concern about their consumption in Asian populations. 11 Specifically, the overuse of antibiotics may be common in Japan due to the fee-forservice healthcare system. However, in contrast to western countries, the proportion of antibiotic use is not available in Japan. 12, 13 More recently, early-life exposure to antibiotics has been suggested as contributing to asthma incidence in children. [14] [15] [16] Antibiotics profoundly alter the gut microbiota composition in treated children relative to those not exposed to antibiotics. 17 Consequently, the purpose of our study was to access the nationwide trend in antibiotic prescriptions for children in Japan, and to describe antibiotic prescription patterns for diseases, while elucidating whether inappropriate use of antibiotics for URIs in children is occurring.
Methods

Data source
Data were obtained from an administrative claims database maintained by the Japan Medical Data Center Co., Ltd. (Tokyo, Japan). 18 The database consists of medical and pharmacy claims, and insurance eligibility data from a total of 4 800 000 beneficiaries (corporate employees and their dependent family members), as of 2016 December. 19, 20 The database represents~4.0% of the total population in Japan. The data set was extracted from this database from 2005 January to 2014 September, totaling 155 556 children. Follow-up periods for each child commenced from the birth month, and we censored them at 6 years (72 months). Information in the database includes gender, year and month of birth, medical services provided or drugs prescribed, day of diagnoses, inpatient or outpatient status, size and specialty of medical facilities used, and department where patients visited. In the database, diagnoses are coded by the International Classification of Diseases, 10th Revision (ICD10) and drug information is coded through the Anatomical Therapeutic Chemical (ATC) system. This study protocol was approved by the Kyoto University Graduate School and Faculty of Medicine, Ethics Committee (Approval Number R0202).
Description of antibiotic prescription trends in preschool children
To describe the patterns of antibiotic prescriptions in our subjects, we used outpatient visit claims for patients prescribed antibiotics (ATC; J01). We identified the types of antibiotics in these claims and calculated the mean age of the individual and the type of antibiotics prescribed. Then, we linked drug claims and disease claims through a common identifier, and specified which antibiotics the diseases were prescribed for. Based on this information, descriptive analyses were performed on these diagnoses for which antibiotics were prescribed.
Exploratory analysis of inappropriate prescription for URIs
Next, to identify inappropriate antibiotic prescription for URIs, we assessed another data set to describe the quantity of antibiotics prescribed for non-bacterial URI diagnoses, and which factors predicted antibiotic prescriptions. We identified all outpatient visit claims for URIs (ICD10; J06-J06), and considered if there were any secondary diagnoses that indicated bacterial infection or justified antibiotic use. That is, we considered antibiotic prescriptions for patients with a diagnosis of bacterially precipitated URIs as an appropriate prescription. 21, 22 Such exclusion diagnoses were bacterial infections (ICD10; A04, A05, A20-A28 and A30-A49), pneumonia (ICD10; J10-J18), otitis media (ICD10; H66), croup (ICD10; J050), epiglottitis (ICD10; J051) and streptococcal pharyngitis or tonsillitis (ICD10; J020 and J030). Then, we calculated the proportion of antibiotic prescription claims with non-bacterial URIs (considered to be inappropriate antibiotic use) among URI diagnosis visit claims.
Furthermore, we sought to determine which factors were associated with inappropriate antibiotic use. The variables we analyzed were as follows; visits in out-of-hours (versus visits in-hours), clinical departments (pediatrics versus other sections) and facility characteristics (clinics versus hospitals). Logistic regression analyses were performed to estimate odd ratios (ORs) and their 95% confidence intervals (CIs) for associations between those variables and inappropriate antibiotic prescriptions. All statistical analyses were performed using Stata, version 13.0 (StataCorp LP).
Results
Of the 155 556 total children in the database, 80 264 (51.6%) were male and 75 292 (48.4%) were female. Among 155 556, antibiotics were prescribed for 103 299 subjects (66.4%), and the total number of claims was 1 492 548. Based on claim analysis, we observed that 1 year of age (507 098 claims, 34.0%) was when antibiotics were most prescribed, followed by 2 years of age (282 816 claims, 19.0%) and zero years of age (252 658 claims, 16.9%), and the mean age at when antibiotics were prescribed was 27.4 months of age. Figure 1 shows the types of antibiotics for study subjects. Third generation cephalosporin was the most commonly prescribed antibiotic for children of these ages (38.3%), followed by macrolides (25.8%) and penicillin (16.0%). In contrast, aminoglycosides (7.1%), quinolones (3.7%) and beta-lactams (3.1%) were rarely prescribed. Table 1 shows the distribution of diagnosis by antibiotic prescriptions for the study subjects. A total of 3 135 565 disease diagnosis claims were identified for antibiotic prescription for these ages. Among these, 9.1% of claims were for certain infectious and parasitic diseases (ICD10: A00-B-99), 10.4% claims were for diseases of the ear and mastoid process (ICD10: H60-H95), and 62.3% claims were for diseases of the respiratory system (ICD10: J00-J99). Regarding disease name classification, acute bronchitis (J20, 11.9%) and acute URIs of multiple and unspecified sites (J06, 10.1%) are commonly included on the antibiotic prescription records, followed by asthma (J45, 7.5%) and vasomotor and allergic rhinitis (J30, 6.9%). About 5.0% of antibiotics were prescribed for disease term of common cold (J00). Table 2 shows the ORs for the associations between subject characteristics and inappropriate URI visits of nonbacterial origin. As regards patient characteristics, age was associated with the proportion of inappropriately prescribed antibiotics: 8.7% (age 0-1), 11.6% (age 2-3) and 15.5% (age 4-5). For male children, antibiotics were more likely to be prescribed (10.4% versus 9.9%). Regarding facility characteristics, clinics were more like to prescribe antibiotics (10.3%) compared to small scale hospitals (<200 beds, 8.9%) and large scale hospitals (≥200 beds, 9.2%). On the other hand, pediatric departments were less likely to prescribe antibiotics for non-bacterial URIs (6.5%) compared with other departments (12.8%), and children who attended out-of-hour visits were more likely to be prescribed antibiotics (15.3%) compared to in-hour visits (9.9%).
From logistic regression analysis, antibiotic prescriptions for non-bacterial URIs were associated with male gender (OR = 1.06, CI: 1.05-1.07) and increasing age categories, i.e. the OR of age from 2 to 3 years old is 1.37 (CI: 1.36-1.39), the OR of age from 4 to 5 years old is 1.93 (CI: 1.90-1.96) compared with age from those aged between 0 and 1 year of age. Antibiotic prescriptions for non-bacterial URIs were associated with facility characteristics; small hospital (OR = 0.85, CI: 0.82-0.88) and large hospital (OR = 0.89, CI: 0.87-0.91) as clinic visits are the reference. Furthermore, non-pediatric visits were significantly associated with inappropriate prescription of antibiotics (OR = 2.11, CI: 2.08-2.14) compared with pediatrics visits of. With regard to visiting hours, compared with in-hour visits, out-of-hour visits (OR = 1.64, CI: 1.61-1.68) were also associated with inappropriate prescription of antibiotics. 'There were similar point estimates and these associations were significant after multivariate logistic regression analysis by adjusting for each factor'.
Discussion
Main finding of this study From our study findings,~66% of children were prescribed antibiotics before school age, and third generation cephalosporin was widely prescribed for children in Japan who had not attained school age, followed by macrolides and penicillin. As to the diagnoses where antibiotics were prescribed, acute bronchitis and acute URIs appeared on the claim records for antibiotic prescriptions, followed by asthma and vasomotor and allergic rhinitis. From the additional analyses of antibiotic prescriptions for non-bacterial URIs, it was evident that there were inappropriate prescriptions for URIs, which were associated with increasing age, gender, facility scales, non-pediatrics and out-of-hour visits.
What is already known on this topic
To date, several studies have reported on the utility of electronic or administrative data to characterize antibiotic use. In the USA, the overall rate of antimicrobial prescribing and for specific treatment of respiratory tract infections by office-based physicians for children has decreased in recent years. 23 On the other hand, although antimicrobial prescribing for URIs has decreased for both children and adults, the prescribing of broad-spectrum antibiotics among children has actually increased. 6, 7 The overall rate of antibiotic prescribing in ambulatory or in-hospital settings is declining but broad-spectrum antibiotics, especially macrolides, account for more than half of pediatric antibiotic use. 4, 5 Our data confirmed that third generation cephalosporins and macrolides were widely prescribed for children in Japan, and this trend corroborates the aforementioned reports. As use of broad-spectrum antibiotics leads to drug resistance, it is worth noting the prescribing rate of broad-spectrum antibiotics. 6 As the American Academy of Pediatrics has reported, prescriptions for broad-spectrum antibiotics are often used, even when no antibiotics are needed or when a narrowspectrum antibiotic would be more appropriate. 8 Previous studies have reported that pediatricians are less likely to prescribe antibiotics for children with URIs compared with other clinicians. [24] [25] [26] Our finding is consistent with these studies; if the patients are referred to non-pediatric departments, they are twice as likely to be prescribed antibiotics compared with attendance at pediatric departments. In Percentage of antibiotics prescribed Fig. 1 Types of antibiotics for pre-school children based on outpatients visit claims (N = 1 492 548 claims). contrast, assessment of facility characteristics showed that physicians at clinics were more likely to prescribe antibiotics for children with non-bacterial URIs. Most clinics in Japan are private and patients freely have access to healthcare under a fee-for-service system, which has led to the overuse of prescribed drugs such as antibiotics. However, inappropriate prescription of antibiotics in the private clinic setting may not be limited to Japan. Our result corroborates a previous study, which showed that antibiotic prescribing rates are high in private primary care settings. 27 This suggested that hospital physicians are more judicious in prescribing antibiotics for those who attend with URIs. In addition, out-of-hour URI visits were associated with a 1.5-fold higher prescription of inappropriate antibiotic use. Under the current Japanese healthcare system, it is common medical practice for extra reimbursement payments to be applied. However, the practitioners during these hours are not necessarily pediatricians, and medical practice tends to be performed by part-time doctors. Although antibiotic prescribing is a routine part of clinical care, the judicious use of antibiotics by physicians should be carefully considered in the Japanese context. 8 Important factors influencing over-prescription of antibiotics for respiratory tract infections are physician diagnostic uncertainty, patient expectations of being prescribed antibiotics, and physician assumptions regarding these expectations. [28] [29] [30] Clinical decision-making on whether to prescribe antibiotics for patients with URI symptoms is a daily occurrence for physicians, thus judicious antibiotic prescribing may be challenging because it is difficult to distinguish between viral and bacterial URIs. Furthermore, physician attitudes to prescribing drugs are affected not only by their clinical judgment but also by the economic policy of the hospital. 31 However, the relationship between antibiotic exposure and development of antibiotic resistance at both the level of the individual patient and at the level of the community is well established. 32, 33 It may be necessary to raise physician awareness of unnecessary prescribing of antibiotics but public beliefs and expectations should be taken into account in order to reduce unnecessary prescribing of antibiotics.
What this study adds
This is the first study to explore prescription of antibiotics for pre-school children in Japan. We demonstrate that third generation cephalosporins are widely prescribed for children at these ages, followed by macrolides and penicillin, which supports previous studies. Furthermore, our results suggested that inappropriate prescriptions for URIs were associated with increasing age, gender, facility scale, non-pediatrics and visiting hours. With regard to the association of non-pediatric departments and antibiotic prescriptions, this was in accordance with reports from foreign countries. However, the observation relating to out-of-hours visits may be a specific finding for Japan. This indicates that out-of-hours physicians should be educated further on inappropriate antibiotic prescription. Additionally, the factors we identified offer insights to frame 
Limitations of this study
Our study has several limitations. First, our study was drawn from an administrative claims database where disease diagnosis was sometimes termed for insurance reimbursement. In some cases, there were many diagnoses at one visit, and this may overestimate the URI visits. Second, although we excluded diagnoses with bacterial cause as appropriate prescription of antibiotics, the exclusion criteria may not be appropriate. This may result in misclassification in how patients were categorized and whether antibiotics were prescribed appropriately or inappropriately. This may also have resulted in bias in our results. Finally, our cohort was drawn from an administrative claims database that did not include information on socio-economic status or environmental factors, which may significantly influence patient behavior or physician consultation. However, our population is drawn from company insurance claims, so our subjects can be considered to some extent to be a homogeneous population with regard to socio-economic status. Furthermore, our database represented only 4% of the Japanese population. Though the number of children was enough for statistical calculation in this study, further studies are required to confirm the actual prescription of antibiotics for children by using a nationwide database in Japan.
Conclusion
Our study showed that third generation cephalosporins are widely prescribed, followed by macrolides and penicillin for Japanese pre-school children. Our results also suggested that inappropriate prescriptions for URIs were associated with increasing subject age, gender, facility scale, non-pediatrics and visiting hours. Japanese government should develop policies to support judicious antibiotic use for raising awareness of the public and physicians.
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